Abstract Although concern has been raised about antipsychotic prescribing to youth with attention-deficit/hyperactivity disorder (ADHD), the available database is limited to individual studies. Therefore, in order to provide a synthesis of prevalence and time trends, we conducted a systematic review and pooled analysis of pharmaco-epidemiologic data on antipsychotic use in ADHD youth. Of 1806 hits, 21 studies (N) were retained that reported analyzable data for three separate populations: 1) antipsychotic-treated youth (N = 15, n=341,586); 2) ADHD youth (N=9, n=6,192,368), and 3) general population youth (N=5, n=14,284,916). Altogether, 30.5±18.5 % of antipsychotic-treated youth had ADHD. In longitudinal studies, this percentage increased over time (1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)) from 21.7 ± 7.1 % to 27.7 ± 7.7 %, ratio=1.3±0.4. Furthermore, 11.5±17.5 % of ADHD youth received antipsychotics. In longitudinal studies, this percentage also increased (1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006) from 5.5±2.6 % to 11.4±6.7 %, ratio=2.1±0.6. Finally, 0.12±0.07 % of youth in the general population were diagnosed with ADHD and received antipsychotics. Again, in longitudinal studies, this percentage increased over time (1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007): 0.13±0.09 % to 0.44±0.49 %, ratio = 3.1 ±2.2. Taken together, these data indicate that antipsychotics are used by a clinically relevant and increasing number of youth with ADHD. Reasons for and risk/benefit ratios of this practice with little evidence base require further investigation.
Introduction
Over the past two decades psychotropic medication prescriptions for children and adolescents in the United States have grown considerably [1••, 2] . Although medication use has increased for all psychotropic medication classes, antipsychotic prescriptions have increased at the highest rate [3••] . For example, between 2002 and 2007, antipsychotic use increased by 62 % in Medicaid enrolled children [3••] . Between 1993 and 2007, the number of office-visits with antipsychotic prescriptions increased from 0.24 to 1.84 per 100 children and from 0.78 to 3.76 per 100 adolescents [1••] .
The increase in prescribing of antipsychotic medication to children and adolescents has been attributed to several reasons. There is now greater recognition that severe psychiatric disorders in adults can begin in childhood and, especially, in adolescence [4, 5] . Moreover, in adults, antipsychotics have been used increasingly for non-psychotic disorders, including bipolar disorder and unipolar depression, and the evidence base as well as indications for antipsychotic use in youth have increased [6, 7] . Finally, second-generation antipsychotics, which have largely replaced first-generation antipsychotics, have significantly less acute and chronic extrapyramidal adverse effects, an antipsychotic adverse effect cluster, which children and adolescents are particularly sensitive to [8] . Importantly, however, antipsychotic medication use in youth has increased not only for approved indications, such as schizophrenia, bipolar disorder and autistic disorder, but also for off-label use. Particularly, in youth antipsychotics are predominantly used for the treatment of impulsive aggression [1••] , which presents oftentimes concomitantly with ADHD. Despite the lack of empirical support and FDA approval, adjunctive antipsychotic use in youth with ADHD appears to be the fastest growing indication. Between 2001 and 2005, Pathak et al. [9] found that the most common condition associated with antipsychotic use in Medicaid enrolled children was ADHD (61.3 %). Furthermore, Zito et al. [ The increasing use of antipsychotics in youth has stimulated concern, especially regarding the safety of antipsychotics in vulnerable children and adolescents [11] . Antipsychotics are associated with a number of adverse effects that can lead to impairment of functioning and physical health. These include sedation, muscle stiffness, prolactin elevation with potential effects on sexual functioning and bone density, and especially, age-inappropriate weight gain and metabolic abnormalities [8, [12] [13] [14] [15] . Although the risk of long-term adverse effects, such as tardive dyskinesia and diabetes mellitus, is much less clear in youth, due to mostly short-term data, there is concern that early exposure may predispose to an earlier onset of such long-term risks. Additionally, other potential long-term adverse consequences of antipsychotic exposure to the developing brain and body remain largely unknown.
Given the high prevalence of ADHD in youth and the increasing off-label adjunctive use of antipsychotic medications in this population, we aimed to summarize the extent, time trends and correlates of antipsychotic use in pediatric patients with ADHD.
Methods

Search and Inclusion Criteria
We conducted a systematic literature search in PubMed, from database inception through December 2012 without language restrictions, using the following search terms: (antipsychotic* OR neuroleptic* OR "dopamine blocker*" OR antidopaminergic) AND (child OR childhood OR children OR adolescen* OR pediatric) AND (prescription* OR prescrib* OR use OR utilization OR database OR pharmacoepidemiolog* OR rate OR rates).
Inclusion criteria were: 1) studies with information on either a) the frequency of antipsychotic use in youth diagnosed with ADHD or b) the frequency of an ADHD diagnosis in youth treated with antipsychotics; 2) study sample consisting of children or adolescents ≤19 years old. In addition to these frequency estimates, we extracted data on the study design, patient characteristics and cotreatments of youth with ADHD receiving antipsychotics. Whenever available, we also extracted reported correlates of antipsychotic use in youth with ADHD as well as data on antipsychotic use in youth with other diagnoses included in these same studies.
Statistical Analyses
Except for univariate analyses of correlates of antipsychotic use in ADHD, data were analyzed descriptively, presenting non-weighted means and standard deviations (SD). Due to large variations in study and sample characteristics and heterogeneous, as well as partially overlapping data sets, sometimes without mentioning of the exact number of patients that prevalence estimates were based on, meta-analytic summary estimates were considered inappropriate. Data were analyzed for three distinct subsamples ("denominators") in which data on antipsychotic use in ADHD youth were available: i) antipsychotic-treated youth; ii) ADHD youth; and iii) general pediatric populations. In each of these subsamples, antipsychotic use prevalences were calculated in three different ways: i) pooling data from cross-sectional studies with data from time 1 (the earliest time point) in longitudinal studies; ii) pooling data from time 1 (the earliest time point) in longitudinal studies; and iii) pooling data from time 2 (the latest time point) in longitudinal studies. Specification (i), which includes data from longitudinal and cross-sectional studies, was used to approximate overall estimates, while specifications (ii) and (iii) were used to examine time trends. Data from intermediary time points in longitudinal studies were not considered, as preliminary analyses showed that the amount of data was insufficient for each individual year to allow for meaningful pooling and comparison. Since, generally, studies included data from a time period spanning several years, we first calculated the median of each study period (rounding to the next higher full year in case the median fell in the middle between two discrete years), followed by averaging the medians of all study periods without providing standard deviations. All other values are expressed as simple means±standard deviations.
At the three mean of median time points (i.e., crosssectional or time 1; time 1; and time 2), we descriptively compared the mean prevalence of antipsychotic use in youth with ADHD, youth with ADHD and comorbid diagnoses, and in youth with non-ADHD psychiatric diagnoses. We further descriptively compared time trends from time 1 to time 2 within each diagnostic group as well as across diagnostic groups, using the prevalence ratio (expressed as mean prevalence at time 2 divided by mean prevalence at time 1) observed in ADHD youth as the reference group. Since a ratio is a proportional number that depends on the magnitude of the percent values at each time point that are not subtracted from each other (as in calculating the difference), but rather divided by each other, it is possible that trends reverse when averaging proportions compared to averaging differences. For example, if prescribing increases by 5 % from 5 % to 10 %, the ratio is 2, yet, if the same 5 % increase is from 50 % to 55 %, the ratio is only 1.1. This possible trend reversal in antipsychotic prescribing from T1 to T2 -depending on whether differences or proportions were averaged -occurred in only two instances in antipsychotic-treated youth, i.e., the antipsychotic prescribing for PDD/MR (delta = +1.4 %, ratio=0.9) and mood disorders (delta=−4.2 %, ratio=1.5).
Results
Search Results and Study Characteristics
The search yielded 1806 citations. Altogether, 1646 articles were excluded at the title/abstract level, as they did not contain pharmaco-epidemiological data, reported primarily on adult populations, did not describe the frequency of antipsychotic use, or did not contain ADHD populations. Of 160 full text articles (N), 138 were excluded for lacking frequency data on antipsychotics and ADHD (N=123), not describing ADHD as a distinct diagnostic entity (N=11), not providing epidemiologic data (N=5) and describing primarily adult samples (N=1) (Fig. 1) States, two studies (9.5 %) were conducted in Canada and one (4.7 %) in the Netherlands. Eleven (52.4 %) provided crosssectional data and ten (47.6 %) provided longitudinal data. Ten (47.6 %) reported on both in-and outpatients, seven (33.3 %) reported on outpatients alone and four (19.0 %) did not specify this information. Thirteen (61.9 %) studies provided data on Medicaid-eligible youth, eight (38.1 %) reported exclusively on Medicaid youth, and three (14.3 %) reported exclusively on privately insured youth. Three studies (14.3 %) reported on youth in foster care and two (9.5 %) studies reported exclusively on youth in foster care (Table 1) .
Demographic, Illness and Treatment Characteristics Table 2 displays demographic, illness and treatment variables in three separate populations with data on antipsychotic exposure frequencies in youth with ADHD: antipsychotic-treated subgroup (N=15, total n=341,586, ADHD subjects=70, 421); ADHD subgroup (N=9, total n=6,192,368); and general population subgroup (N = 5, n = 14,284,916, ADHD subjects=836,994). Demographic information was extracted whenever available in all three populations on age, sex, race, insurance status, non-ADHD diagnoses and non-antipsychotic medication treatment (Table 2 ).
In the antipsychotic treated youth subgroup, we obtained data from 15 studies reporting data for at least one time point (mean age: 9.5±4.5 years). The average median year of data collection for the cross-sectional or time one (T1) study period was 2003. Of these 15 studies, seven (total n=750,423, ADHD subjects=124,740) provided longitudinal data (average median T1=1998, total n=278,446, ADHD subjects 43, 074; T2=2007, total n=471,977, ADHD subjects=81, 666) ( Table 2 ).
In the ADHD youth subgroup, we obtained data from nine studies reporting data for at least one time point (mean age: 9.2 years). The average median year of data collection for the cross-sectional or T1 study period was 2004. Of these nine studies, four (n=16,478,860) provided longitudinal data (average median T1 = 1998, n = 6,088,372; T2 = 2006, n=10,390,488) ( Table 2 ).
In the general youth population subgroup, we obtained data from five studies reporting data for at least one time point (mean age: not reported) (average median time=2003). Of these five studies, three provided longitudinal data (average median T1 = 2003, total n = 14,256,115, ADHD subjects=346,686; T2=2007, total n=16,514,442, ADHD subjects=485,404) ( Table 2 ).
Proportion of ADHD Diagnosed Youth Among Antipsychotic Treated Youth
In total, 30.5±18.5 % of antipsychotic-treated youth had a diagnosis of ADHD (Table 3 ). This proportion was numerically larger than for all other diagnoses (range: 8.8±5.9 % for psychotic disorders to 24.0±27.3 % for mood disorders), except for disruptive behavior disorders (31.3 ± 22.6 %) which was slightly more prevalent than ADHD among antipsychotic treated youth. In studies with longitudinal data, ADHD youth accounted for a larger proportion of antipsychotic use than every other diagnostic group at T1 and T2. Furthermore, between 1998 and 2007, the proportion of youth diagnosed with ADHD increased from 21.7 ± 7.1 % to 27.7 ± 7.7 %. This increase (T1 to T2 ratio=1.3±0.4) was larger than for any other diagnosis, other than ADHD with co-morbid disruptive behavior disorder (ratio=1.4±0.8) and bipolar disorder (ratio=1.3±0.3). In addition to ADHD, ADHD plus co-morbid disruptive behavior disorders (DBD) and bipolar disorders, the prevalence of pervasive developmental disorder (PDD) or mental retardation (MR) also increased in antipsychotic-treated youth cohorts, while there was a small decrease for youth with anxiety disorders and DBDs alone, as well as a more substantial decrease for psychotic disorders ( Table 3) .
Frequency of and Trends in Antipsychotic Use in Youth with a Diagnosis of ADHD
In total, 11.5±17.3 % of youth with ADHD were treated with antipsychotics (Table 4 ). This proportion was numerically higher than that for disruptive behavior disorders (8.7±1.3 %) and depression (9.6±1.8 %), but lower than for bipolar disorder (44.6±1.1 %) and ADHD plus comorbid DBD (15.0±7.1 %), comorbid mood (15.5±6.3 %) and comorbid bipolar disorder (28 %, based on only one study). However, in studies with longitudinal data, the proportion of antipsychotic use was lower in ADHD youth than in youth with any other diagnosis when concurrent time points were compared. Further, in the studies with longitudinal data, antipsychotic use for ADHD rose from 5.5±2.6 % in 1998 to 11.4±6.7 % in 2006 (ratio T1 to T2=2.1±0.6). Although the antipsychotic use rates also rose across other diagnoses (T1 to T2 ratios: 1.4±0.4 for bipolar disorder to 1.7±0.8 for ADHD plus co-morbid disruptive behavior disorders), this increase was highest in youth with ADHD, except for the PDD/MR populations (ratio=2.7), but this result was based on one study (Table 4) .
Proportion of Antipsychotic Treated Youth with ADHD Among General Youth Populations
In total, antipsychotic-treated youth with ADHD represented 0.12±0.07 % of youth in the general population (Table 5 ). This proportion was numerically greater than that for antipsychotic treated youth with all other represented diagnoses, including disruptive behavior disorder (0.09±0.08 %), bipolar disorder (0.05±0.06 %), depression (0.05±0.07 %) and PDD/MR (0.03±0.02 %). Moreover, in studies with longitudinal data, youth with ADHD also represented a larger proportion of antipsychotic use at T1 and T2 than every other diagnosis. Furthermore between 1993 and 2007, the proportion of youth diagnosed with ADHD increased substantially from 0.13±0.09 to 0.44±0.49 %. This increase (T1 to T2 ratio=3.1±2.2) was also larger than for any other diagnosis, except for depression (ratio =4.4±0.9) and bipolar (ratio=3.0±2.8) ( Table 5) .
Correlates of Antipsychotic use in Cohorts of Youth with ADHD Exploratory univariate analyses of demographic and payment source correlates yielded no significant associations with percent of ADHD youth receiving antipsychotics. The 
Discussion
Aiming to characterize the frequency and time trends of antipsychotic use in ADHD treated youth, we identified 21 studies including a total of over 20 million youth aged 0-19 years old with pharmaco-epidemiological data on antipsychotic use and ADHD. Within identified studies we focused on treatment patterns in three distinct populations: 1) frequency of ADHD in antipsychotic treated youth 2) frequency of antipsychotic use in youth with ADHD and 3) frequency of antipsychotic treated ADHD youth in general population youth. Across these studies and subgroups, ADHD was associated with a substantial proportion of antipsychotic medication prescriptions, at frequencies that were higher than for all other disorders, except for those that were comorbid with ADHD and for bipolar disorder and PDD/MR concurrently assessed in studies reporting on ADHD youth. From the early to the late 1990s until the mid to late 2000s, increases in antipsychotic use were larger for ADHD youth in all three populations than for youth with almost all other diagnoses. The only exceptions included similar increases in youth with bipolar disorder and greater increases in those with comorbid ADHD and DBD in the antipsychotic-treated population, and similar increases in youth with bipolar disorder as well as greater increases in those with depression in the general population cohort. Of note, when comparing time 1 with time 2, the frequency of antipsychotic use in youth increased over time for all other disorders in the ADHD and general youth populations, too. In the antipsychotic-treated cohort, also most disorders increased in frequency with the exception of stable antipsychotic use in depression and anxiety disorder, a slight decrease in DBDs and PDD/MR, as well as a more substantial relative decrease in psychotic disorders.
Both in the antipsychotic treated cohort and the general youth cohort, ADHD was the most common diagnosis associated with antipsychotic use with the exception of disruptive behavior disorder in the antipsychotic treated youth cohort. This finding is due to the frequent use of antipsychotics in youth diagnosed with ADHD combined with the high frequency of ADHD: attention-deficit/hyperactivity disorder; AP: antipsychotic; DBD: disruptive behavior disorder; D/o: disorder; MR: mental retardation; n/a: not available; PDD: pervasive developmental disorder; Rx: treatment * not all studies provided information on the number of patients for all or any of the diagnostic subgroups † the observed trend reversal between mean ratio and mean difference is due to the fact that the ratio is a proportional number that depends on the absolute percent values at each time point that are divided by each other, while the difference depends only on the delta between the value at each time point ADHD within these cohorts, as ADHD is one of the most common psychiatric disorders in children and adolescents, second only to social and specific phobias and oppositional defiant disorder [4, 33] .
By contrast, in youth diagnosed with ADHD, antipsychotic use was lower in those with ADHD alone than for bipolar disorders and PDD/MR, two condition associated with irritability and aggression, as well as all for other disorders that Table 4 Cohorts of youth with ADHD: prevalence and trends of antipsychotic use in youth with ADHD as well as those with other diagnoses reported on in the same studies co-occurred with ADHD. The latter is a reflection of the fact that comorbidities generally increase the severity of both the psychiatric impairment and complexity of the related treatment approaches [34] . Pointing to the same effect of comorbidity increasing antipsychotic use, we found in our exploratory correlational analyses that greater treatment with antidepressants and alpha2 agonists was associated with antipsychotic use in youth with ADHD. However, it is unclear from the database studies for which symptoms or coded (as well as uncoded) diagnoses antipsychotics and these comedications were used. For example, it is possible that antidepressants are used for depression, which was also the only diagnosis for which larger increases in antipsychotic use were observed over time than for ADHD in the general youth cohort. In this case, the higher use of antipsychotics in patients cotreated with antidepressants may represent off-label use using antipsychotics as augmenting agents to treat depression that is unresponsive to antidepressant monotherapy, an indication for which efficacy has been demonstrated in adults [35] . On the other hand, it is also possible that antipsychotics, rather than psychosocial interventions, are being used to treat aggression, irritability and oppositionality that may be related to depression or psychosocial stressors [21, 36••, 37••] . The latter would be concerning, as several different psychosocial interventions have shown to be effective for rating-scale based aggression with moderate to large effect sizes [36••] , not too dissimilar to effect sizes for antipsychotics [37••] . Unfortunately, the published data were insufficient to allow for a pooled analysis of antipsychotic use frequency in relation to the use of psychotherapeutic interventions. Similarly, the higher use of antipsychotics in youth with more alpha2 agonist treatment may point to use of antipsychotics in more severe forms of ADHD and impulsivity, or to use for unresolved aggression and oppositionality, as alpha2 agonists have shown some efficacy for both symptom clusters [38, 39] . Our results support findings from previous individual reports suggesting that antipsychotics are being prescribed increasingly to treat psychiatrically ill youth in the United States and particularly for youth with ADHD and DBDs, predominantly by non-psychiatrists for these indications [1••, 3••] . This clear trend is troubling for several reasons. Most importantly, antipsychotics are not approved for the treatment of symptoms of ADHD and limited, if any, evidence exists to suggest their utility for the core symptoms of inattention and hyperactivity. Although, aripiprazole and risperidone are approved for irritability and aggression associated with autistic disorder (age 5 or 6-17 years) [6] , and data exist for their utility in disruptive behavior disorders and aggression [37••, 40] , antipsychotics should be the last resort for the treatment of impulsivity, oppositionality and aggression [6, 37••, 41] . In fact, concern has been raised that antipsychotics are used instead of appropriate use of psychotherapies and family interventions [1••, 21, 36••] . Moreover, guidelines recommend in patients with ADHD to first treat ADHD aggressively and comprehensively and only to address residual impulsivity, oppositionality and aggression that do not respond to appropriately dosed psychostimulant treatment alone [42] . These recommendations are supported by a recent pooled analysis of randomized controlled trials of psychotropic medications for rating scale based aggression in youth. In these analyses, stimulant treatment had an effect size of 0.6 for aggression in youth with ADHD and/or disruptive behavior disorders [37••] . This moderate effect size is quite respectable and not too different from the pooled effect size of 0.7 for antipsychotics given for the same purpose [37••] . Importantly, Blader et al. [43] found that an open lead-in stimulant optimization strategy in youth who reportedly had not responded to stimulant treatment in the community and who were referred for a trial with valproic acid for aggression led to a high response rate, making 49.3 % of 65 enrolled children ineligible for the second, randomized controlled trial phase. These results suggest that ADHD treatments may be underutilized or not sufficiently optimized before antipsychotics are prescribed in clinical practice, something that needs to be assessed further. If this is true, then education programs for antipsychotic prescribers who treat ADHD youth may be necessary, especially for non-psychiatrists.
Another concern regarding the potentially too frequent use of antipsychotics in ADHD youth is their adverse effect potential that can interfere with psychiatric and physical well-being. Potentially problematic adverse effects include extra-pyramidal effects, sedation, prolactin changes and sexual/reproductive system effects, interference with normal sleep, activity and eating patterns, as well as age-inappropriate weight gain and metabolic abnormalities that are associated with future risk for diabetes as well as cardiovascular morbidity and mortality [11] [12] [13] [14] [15] 44] . In this context, the low and inappropriate rates of cardiometabolic monitoring in youth [45, 46] are highly concerning. Additionally, beyond short-term and even less medium-term data, there is a limited understanding of the longer-term effects of antipsychotics on the developing brain and body.
There are several important limitations to our study. Most importantly, despite availability of some very large studies, the number of individual studies and specific data in each respective population/subgroup was still relatively small. Moreover, all but two studies originated in the US and data characterizing the populations or describing potential correlates of antipsychotic use were scarce, limiting our ability to conduct meaningful correlational analyses. In addition, due to the pharmacoepidemiologic nature of the data, no information was available on the treatment targets, efficacy and side effects of antipsychotic use in youth with ADHD. Furthermore, although we primarily included claims based studies, the resultant data are based on heterogeneous populations, including widely varying sampling methods, age ranges, insurance status, sample sizes, and settings (inpatient, outpatient or both, and foster care). Additionally, the majority of data were extrapolated from reports using various administrative records, which could impact diagnostic accuracy, including underreporting of more severe diagnoses than ADHD that may have motivated antipsychotic use. Medicaid claims, for example, may be incomplete and not fully capture diagnostic comorbidities or behaviors, such as aggression that may be difficult to code on claims. Further, while some papers attempted to differentiate ADHD alone from ADHD with comorbidities, most did not. Despite these limitations, this is the first study on antipsychotic use in ADHD use that pooled data according to the population that antipsychotic use was based on and that examined time trends and correlates across multiple studies and time periods.
Conclusion
In summary, this analysis contributes to the growing body of literature highlighting the persistent growth in antipsychotic use among children and adolescents over the past decade. Youth with ADHD represent a significant proportion of antipsychotic users and generally appear to represent the largest and fastest increasing cohort over time. This is of concern, as approved and highly effective treatments for ADHD exist and as data suggest that simply treating ADHD with psychostimulants will reduce associated symptoms of impulsivity and aggression in a significant proportion of youth [42, 43] . Thus, clinicians should follow guidelines and use primary treatments for the core symptoms of ADHD [37••, 41, 42] , optimizing this treatment approach and combining ADHD medications with psychosocial interventions [36••] before considering the addition of an antipsychotic for the treatment of residual and impairing impulsivity, oppositionality and aggression. Moreover, monitoring of efficacy and side effects of antipsychotics should routinely be implemented [8, 13, 15] . Since antipsychotic use appears to be increasing across a range of diagnoses in youth well beyond approved indications, more studies are required to better understand why antipsychotic agents are being used at such high rates and why prescribers are choosing non approved treatments when other, possibly less harmful interventions exist. Additionally, carefully controlled comparative effectiveness trials are required to better understand the short-term and longterm effects of antipsychotic medications on impulsivity and aggression in relation to lower-risk interventions, and to investigate their long-term safety.
